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The change in the Fe(II) ct Fe(III) redox equilibrium in the Me 2 0 - MeO - A1 2 0 3 - Si0 2 system is studied in 
conditions of complex variation of diversely acting parameters affecting sheet glass production (the glass ma- 
trix basicity, reduction potential of the batch, and Fe 2 0 3 content). 


The replacement of costly imported materials with less 
expensive local materials and increased application of glass 
cullet usually results in an increased content of iron oxides in 
the glass composition. As manufacturers replace the raw ma¬ 
terials introduced into the batch, they simultaneously try to 
improve the melting and working qualities of the glass melt, 
the quality of finished glass, and the technical and economi¬ 
cal parameters of the glass production technology [1-3]. 

The main attention in doing so is usually focused on the 
variation and correction of the content of basic oxides (Si0 2 , 
A1 2 0 3 , CaO, MgO, Na 2 0, K 2 0) in the glass composition. 
The spontaneous change in the content of impurity oxides 
(including Fe 2 0 3 ) occurring in this case can hamper the 
glass-melting process and impair the technical and economi¬ 
cal parameters of glass-melting furnaces. 

There are numerous publications which discuss the be¬ 
havior of iron oxide in the melting of multicomponent 
glasses of the Si0 2 - A1 2 0 3 - MeO - Me z O system. These 
data mostly relate to the large-scale production of packaging 
and heat-absorbing glass [4,5] which contains over 1.0 and 
0.3% Fe 2 0 3 , respectively. However, data on the effect of 
heterovalent forms of iron on the production of glass con¬ 
taining less than 0.1% Fe 2 0 (glassware, clear packaging and 
construction glass) are scarce, uncoordinated, and contradic¬ 
tory, which calls for further research. 


1 Avtosteklo Production Company. 


For the purpose of decreasing the leaching of glass in the 
course of continuous production, the Avtosteklo production 
company in 1998 replaced the glass composition used in 
continuous rolling (CR) by a composition used in vertical 
flow (VF) glass production. This process was accompanied 
by the introduction of new types of raw materials (feldspar 
concentrate and dolomite [3]). A preliminary analysis of ex¬ 
pediency of this conversion to a new glass composition (Ta¬ 
ble 1) showed that on substitution of the VF glass for the CR 
glass, the amount of fluxes (the total content of oxides of al¬ 
kaline and alkaline-earth metals) increases by 1.55%, mostly 
due to a decrease in the total content of the high-melting 
components (SiO z + A1 2 0 3 ). An increase in the content of 
A1 2 0 3 from 0.3 to 1.9% takes place due to the use of a com¬ 
plex mineral material, namely, the feldspar concentrate in the 
batch used for the vertical flow glass production. The intro¬ 
duction of this concentrate makes it possible to decrease the 
soda content in the batch by 12.9%. The use of dolomite pro¬ 
motes a decrease in the chalk content in the batch, and in this 
case magnesium oxide is additionally introduced to the glass. 

The data on the measurement of viscosity of the above 
mentioned glasses made in laboratory conditions (Table 2) 
[3] revealed that the viscosity at the temperature of fining 
(log q = 2) is equal for both compositions: the safe molding 
interval improves. All this indicates that the VF glass is more 
technologically suitable than the CR glass. 


TABLE 1 


Preassigned composition, % Batch composition, kg per 100 kg of glass 


Glass 

Si0 2 

Fe 2 0 3 

A1A 

CaO 

MgO 

Na 2 0 

SO, 

Na 2 0 + 
MeO 

sand 

chalk 

dolomite 

soda 

feldspar 

sodium 

sulfate 

coal 

Continuous rolling 

74.50 

0.05 

0.30 

8.70 

0.15 

15.50 

0.80 

24.35 

72.05 

16.31 

- 

26.52 

- 

1.33 

0.07 

Vertical flow 

71.60 

0.10 

1.90 

6.90 

4.00 

15.00 

0.50 

25.90 

65.99 

0.93 

19.63 

23.10 

8.70 

1.84 

0.13 
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tinuous production and was accompanied by a parallel intro¬ 
duction of new types of material (i.e., feldspar concentrate 
and dolomite) to the batch. Table 3 shows that the content of 
all oxides (except for Si0 2 ) in glass significantly changed. In 
the final variant (VF glass), the total content of the high- 
melting oxides (Si0 2 + A1 2 0 3 ) decreased by 1.33% due to an 
increase in the total flux content, which points to the in¬ 
creased basicity of the VF glass, as compared to the CR 
glass. 

The estimated RP of the intermediate batch compositions 
(the calculation was performed using the method in [6]) ex¬ 
hibits fluctuating variations but, as a whole, retains the gen¬ 
eral tendency for a decrease in the carbon number from 11.72 
(CR glass) to 9.09 (VF glass). This is evidence of an increase 
in the redox potential of the VF glass batch compared to the 
CR glass batch. The fluctuations in the redox potential of the 
batch in transition from CR glass to VF glass are related to 
the adjustment of the fining conditions of the melt, which re¬ 
quired an increase in the glass-melting temperature (Table 2). 
The total light transmission (Table 3) decreases by 1.6%, i.e., 
from 88,4% in CR glass to 86.8% in VF glass. This is due to 
an increase in the Fe 2 0 content in VF glass by 18% (up to 
0.071%), compared to CR glass (0.060%). It should be noted 
that the variations in the Fe 2 0 3 content in the considered pro¬ 
cess satisfy the requirements of the Operating Regulations. 

All this is evidence of the existence of at least several 
groups of opposing factors which influence the variations in 
the RP of the glass melt and, consequently, the equilibrium 
state of the heterovalent forms of iron. The first group of fac¬ 
tors includes the variations in the content of basic oxides in 
the glass composition, which increases the glass basicity. The 
second group of factors is associated with the redox parame¬ 


ters of the raw materials, which determine the decrease in the 
RP of the batch. The effect of the latter factors is intensified 
by an increase in the total content of Fe 2 0 3 and increase in 
the maximum glass-melting temperature (the third group of 
factors). 

The actual direction of the shift in the redox equilibrium 
(1) can be found using the indicator of glass basicity, which 
characterizes the variation in the content of Fe(II) in glass 
produced by the above factors. The results cited in Table 3 
indicate that the Fe(II) content in all the intermediate and fi¬ 
nal compositions of VF glass varied from 32.6 to 42.6% and 
was significantly higher than the average Fe(II) content 
(25.6%) in the initial composition of CR glass. Hence it fol¬ 
lows that, in the end, the content of Fe(II) increases half as 
much again the average value of CR glass (25.6%), up to 
37.5% (VF glass), which is evidence of a decrease in the 
glass melt basicity. 

As can be seen in Table 3, the correlation between the 
Fe(Il) content and the RP of the batch is not always satisfied. 
In our opinion, this is due to the presence of uncontrolled ox¬ 
idizing (reducing) impurities and indicates that it is prefera¬ 
ble to monitor the glass-melting process based on the glass 
basicity indicator. 

The result of the action of heterogeneous technological 
factors is a decrease in the melt basicity, which produces an 
increase in the absolute content of ferrous oxide (Table 3). 
This, in turn, causes a decrease in diathermancy of the glass 
melt, which determines the need to increase the maximum 
glass-melting temperature in order to stabilize the glass melt¬ 
ing process. 

In order to facilitate the glass melting process and to 
maintain the tank furnace operating parameters at preas- 


TABLE 3 


Phase in the 
replacement of 
glass composition 



Component content (from analysis), % 




Batch 

RP 

Integral light 
transmission per 
l cm thickness, % 

Content of 
Fe(ll). % 


SiOr 

ai 2 o 3 

CaO 

MgO 

Na 2 0 

SOj 

Fe 2 0 3 

SiC>2 + 

ai 2 o 3 


Prescribed continuous 

rolling phase 

74.50 ± 0.3 

0.30 

8.70 4 0.2 

0.15 

15.50 4 0.2 

0.80 

0.050 

74.80 

- 

- 


- 

Actual continuous 

rolling phase 

74.50 

0.13 

8.68 

0.21 

15.49 

0.44 

0.060 

74.63 

11.72 

88.4 

0.0124 

29.5 

Intermediate 

compositions 

74.50 

0.12 

8.80 

0.15 

15.48 

0.54 

0.064 

74.62 

11.72 

88.2 

0.0117 

26.1 


74.38 

0.21 

8.66 

0.32 

15.51 

0.62 

0.045 

74.49 

11.72 

88.2 

0.0124 

39.5 


74.15 

0.65 

8.18 

1.00 

15.24 

0.55 

0.060 

74.80 

10.80 

87.2 

0.0155 

37.0 


73.35 

0.98 

3.02 

1.95 

15.43 

0.46 

0.052 

74.33 

10.80 

87.4 

0.0155 

42.6 


72.90 

1.33 

7.47 

2.74 

15.17 

0.42 

0.070 

74.23 

11.25 

86.8 

0.0171 

34.9 


72.15 

1.46 

7.36 

3.11 

15.17 

0.42 

0.064 

73.61 

11.47 

86.8 

0.0171 

38.2 


71.50 

1.66 

7.27 

3.60 

15.20 

0.46 

0.068 

73.16 

9.09 

86.9 

0.0163 

32.6 

Prescribed vertical 

flow phase 

71.57 

1.73 

6.90 

3.91 

15.21 

0.40 

0.071 

73.30 

9.09 

86.8 

0.0179 

37.5 

Actual vertical 

flow phase 

71.60 ±0.3 

1.90 ± 0.2 

6.90 4 0.2 

4.00 4 0.2 

15.00 4 0.2 

0.50 

0.100 

73.50 


- 

- 

“ 


* Average content 25.6%. 
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signed values, a water-cooled barrier consisting of loop cool¬ 
ers was installed in the beginning of the cooling zone, and a 
melt-accelerating agent was introduced to the batch. 

Thus, in the case of variations in the glass composition 
accompanied by the introduction of new types of materials in 
the conditions of continuous production, one should take into 
account the actual change in the glass melt basicity, which 
can be indirectly found from the variation in the content of 
bivalent iron in the glass. The complex effect of such techno¬ 
logical parameters as an increase in glass basicity, the reduc¬ 
ing potential of the batch, and the content of Fe 2 0 3 in glass 
contribute to an increase in the fractional and absolute con¬ 
tent of bivalent iron. As the content of the latter increases, 
the diathermancy of the melt sharply decreases, which causes 
negative consequences such as excessive fuel consumption, 
an increase in the thermal stress in the main roof of the fur¬ 
nace, increased probability of the roof burning through, and a 
possible decrease in the service life of the system. 

A prerequisite for successful operation of the glass¬ 
melting furnace consists in keeping the absolute content of 
Fe(II) within strictly set limits, which can be accomplished 
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by the introduction of an additional melt-accelerating agent 

and a correction of the content of oxidizers (reducers) in the 

batch composition. 
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